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Abstract P244 - Fig. 1. ASM and entropy of lateral femoral cartilage T2. The * signifies that p < 0.05. 
heterogeneity of cartilage T2 in osteoarthritis (OA) patients and 
healthy subjects (controls) using second order texture measures. 
Methods: Thirty-six subjects were categorized into three groups: 
controls (OA0, n = 8), those with moderate OA (OA1, n = 14) 
and those with severe OA (OA2, n = 14). High-resolution, fat- 
suppressed, 3D SPGR sagittal MR images (TE = 3.3 ms, TR = 
30 ms, flip angle = 30 ° , resolution = 0.234 × 0.234 × 2 mm 3, 
FOV = 12 cm) were acquired for assessing cartilage morphol- 
ogy, and 2D dual echo SE sagittal images (TE1/TE2 = 10/45 ms, 
TR = 1500 ms, resolution = 0.468 × 0.468 × 4 mm 3, FOV = 
12 cm) were acquired for measuring cartilage T2 relaxation time. 
Articular cartilage was segmented from the SPGR images us- 
ing a spline-based, semi-automatic technique and was defined 
in four distinct regions: medial and lateral tibia, and medial and 
lateral femur. The segmented regions of interest were superim- 
posed on the T2 maps. A grey level co-occurrence matrix was 
defined for each cartilage region and used for texture analysis. 
Second order texture measures including entropy and angular 
second moment (ASM), were calculated at 0 ° (corresponding to 
the horizontal axis) and at 90 ° (corresponding to the vertical axis), 
with pixel offsets ranging from 1-3 pixels. For statistical analysis, 
a one-way analysis of variance (ANOVA) with Tukey-Kramer ad- 
justment was employed for multiple comparisons of parameters 
of interest across OA groups. 
Results: The ANOVA model fit the data of the three groups (OA0, 
OA1, and OA2) to a moderate level of significance (p < 0.10). 
Pairwise comparisons with adjustment for multiple comparisons 
revealed that OA1 subjects had significantly (p < 0.05) greater 
entropy and significantly (p < 0.05) lower ASM of lateral femoral 
cartilage T2 at 90 ° (approximately perpendicular to the cartilage 
surface), than controls. Figure 1 shows the representative results 
for the lateral femur; similar trends were found in the medial tibia. 
There was no significant difference in entropy or ASM of lateral 
femoral cartilage T2 between the OA0 and OA2, or OA1 and OA2 
groups. 
Discussion: Two-dimensional texture measures reflect the spa- 
tial heterogeneity of cartilage T2. They supplement the standard 
measures of cartilage T2 (such as mean and standard devia- 
tion), by providing information on the variation between neighbor- 
ing cartilage T2 pixels. This study demonstrates that entropy and 
ASM of cartilage T2 are significantly different between patients 
with moderate OA and controls, and emphasizes the potential of 
texture measures in characterizing the heterogeneity of early car- 
tilage changes in OA. 
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EFFECTS OF RUNNING A MARATHON ON dGEMRIC OF 
THE KNEE 
A Williams, N Krishnan, C McKenzie, D Burstein 
Department of Radiology, Beth Israel Deaconess Medical 
Center, Boston, MA 
Aim: The aim of this study was to observe the effects of run- 
ning the Boston Marathon on the dGEMRIC (delayed Gadolinium 
Enhanced MRI of Cartilage) Index, a metric of the distribution of 
cartilage glyscosaminoglycan (GAG). 
Methods: Seven female volunteers, ages 24-39, were imaged at 
3T at 4 time points: 3 days prior to the race, then 1 day, 1 week, 
and 6 weeks after the race. Three ROIs were evaluated per one 
section of each medial and lateral compartment: the central zone 
of the femoral condyle (cFC), the tibial plateau (TP), and the pos- 
terior section of the femoral condyle (pFC). In order to compare 
dGEMRIC changes over time across volunteers, each post-race 
ROI dGEMRIC Index was normalized by its pre-race value. Re- 
peated measures ANOVA was used for statistical analyses. 
Results: One of the runners did not complete the marathon, 
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and another was unable to return for follow-up imaging. Figure 
1 shows an example medial condyle section of one volunteer 
across the 4 time points imaged. Post-race dGEMRIC values nor- 
malized by their pre-race values of the 5 volunteers who success- 
fully completed the study are shown in Figure 2a-c. The dGEM- 
RIC index of the medial cFC and pFC decreased relative to pre- 
race values at 1 day post-race (18%, 7%), returned towards pre- 
race values at 1 week, and increased to near pre-race values by 
6 weeks (p<0.03, p<0.05). Laterally, the cFC and pFC showed 
similar trends with overall higher values relative to pre-race, but 
only changes in the pFC compartment were significant (p<0.02). 
The medial TP also demonstrated significant (p<0.03) changes 
over time: increasing above pre-race values at 1 week, returning 
to pre-race values 6 weeks later. 
Conclus ions:  This pilot study in 5 female runners demonstrates 
a significant change in the dGEMRIC Index in the 6 weeks follow- 
ing the running of the Boston Marathon. A decrease in the central 
aspect of the medial femoral condyle dGEMRIC index 1 day af- 
ter the race was followed by a return toward pre-race values at 
1 week post-race with a full return to pre-race values achieved 
by 6 weeks post-race. It is possible that changes in the dGEM- 
RIC Index are due to swelling/compression of the cartilage tis- 
sue, although it is unlikely that volume changes can account for 
the 18% change seen here. dGEMRIC changes in other com- 
partments suggest there may be a complex system of mechani- 
cal events/biologic responses that alter GAG metabolism across 
compartments. 
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Aim: Recent magnetic resonance (MR) imaging studies have 
shown that only small transitory changes occur in articular tis- 
sues after strenuous running. However, there has been no study 
on quantitative changes in cartilage thickness (deformation) af- 
ter marathon running. Here we study the hypothesis that signifi- 
cant deformation of knee joint cartilage occurs after running the 
Boston marathon. 
Methods:  We investigated 8 healthy subjects (7 women, 1 man, 
age 19 to 34 y., body mass index 18 to 25 kg/cm 2) who were 
imaged 1 day before the marathon, and after the marathon. The 
time between the end of the race and the start of the image ac- 
quisition was 86 4- 41 min, and the estimated time of non-weight- 
bearing during this period 45 4- 36 min. Axial and coronal MR 
images were acquired, using a GE Signa Excite 3 T system and 
a spoiled gradient echo sequence (SPGR) with water excitation 
(TR = 18 ms, TE = 9ms, FA = 12°), with 1.0 mm slice thickness 
and 0.31 mm x 0.31 mm in-plane resolution. Cartilage thickness 
(mean, maximum, standard deviation) was determined in the me- 
dial and lateral tibia (MT, LT), the weight-bearing portion of the 
medial and lateral femoral condyle (cMF, cLF) and in the patella 
(P) after 3D reconstruction, independent of the slice orientation, 
using proprietary software (Chondrometrics GmbH, Ainring, Ger- 
many). 
Results: The difference in mean cartilage thickness before and 
after the marathon was -0.3% in the patella, -0.4% in the me- 
dial tibia, -0.3% in the lateral tibia, +0.5% in medial femur, and 
+1.4% in the lateral femur, with none of the differences attaining 
statistical significance. In the lateral tibia, the maximal cartilage 
thickness and standard deviation of the thickness (thickness in- 
homogeneity) were reduced (p < 0.05), but this effect was not 
observed in any of the other surfaces. 
Conclus ions:  The results of this study show that marathon run- 
ning under competitive conditions does not lead to prolonged de- 
formation of knee joint cartilage. We cannot exclude that changes 
(deformation) may have been present during or directly after the 
race, and this will be investigated in future work. Previous studies 
have shown that in the patella the recovery time of cartilage de- 
formation following 50 deep knee bends (about 6% deformation) 
is approximately 90 minutes, a period that is almost equivalent o 
the one between the end of the race and start of image acquisition 
in our current protocol. The study thus shows that even strenu- 
ous long-term exercise (full distance marathon running) does not 
have an intermediate- (same day) or long-term effect on the state 
of cartilage morphology in young healthy subjects. 
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CARTILAGE QUANTIFICATION: COMPARISON BETWEEN 
3T DESS AND 3T FLASH SEQUENCES 
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The quantification of morphological parameters of knee carti- 
lage is a promising technique to evaluate osteoarthritis (OA) pro- 
gression. The coronal MRI FLASH sequence has resulted in re- 
producible and accurate analysis. However, the lack of contrast 
between adjacent soft tissues and the posterior condyle and 
trochlea cartilage has prevented their evaluation in sagittal plane. 
The DESS sequence offers better contrast between cartilage and 
adjacent structures, making it ideal when evaluating OA progres- 
sion in such areas. The comparison of the cartilage quantitative 
from FLASH and DESS sequences is presented as part of the 
Osteoarthritis Initiative (OAI) validation process where multiple 
groups independently cross validate the DESS vs. FLASH. 
Nineteen subjects (9 normal, 10 with self-reported knee OA, av- 
erage age 51 years) underwent two knee MR exams as part of 
the pilot study for the OAI. Each exam consisted of a sagittal 3D 
DESS and a coronal 3D FLASH acquired on a Siemens 3T scan- 
ner. All 76 scans were randomized and a supervised computer- 
ized system was used to extract the articulating bones and carti- 
lage plates. The volume, average thickness, and bone-cartilage- 
interface (BCI) area were calculated for the medial and the lateral 
tibia cartilage, the central medial, and the central lateral femur 
regions. 
All 76 cartilage plates results were pooled and analyzed. The av- 
erage cartilage pooled volume was 1,712 ml with a standard de- 
viation (SD) of 539 ml. The average BCI area was 806 mm 2 with 
a SD of 161 mm 2. The average thickness was 1.93 mm with a 
SD of 0.32 mm. The comparison of the DESS and the FLASH 
sequences resulted in excellent limits of agreements (LA) and 
highly correlated cartilage volume (r=0.98), thickness (r=0.95), 
and BCI areas (r=0.99). Although all LA between the two pulse 
sequences included the zero bias, the DESS cartilage volume 
was smaller than the FLASH by 24 ml with a 95% Confidence 
Interval (CI) from -60 ml to 12 ml (P=0.18). The thickness mea- 
surements were also smaller on the DESS sequences. The thick- 
ness difference was -0.03 mm with a 95% CI from -0.05 mm to 
0.00 mm (P=0.04). The BCI area was slightly larger on the DESS 
by 18 mm 2 with a 95% CI from 6 mm2to 29 mm 2 (P<0.01). The 
DESS coefficient of variation (CV) of the volume, BCI area, and 
thickness were 4.5%, 4.8%, and 2.3%. These CVs were similar 
to the FLASH reproducibility of volume (CV=4.3%; P=0.71) and 
thickness (CV=2.8%; P=0.10), but statistically different for the BCI 
area (CV=3.4%; P<0.01). 
